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Reconciliation
We conclude that use of the latest 
information on external influences on the 
climate system and adjusting for internal 
variability associated with ENSO can almost 
completely reconcile the trends in global 
mean surface temperature in CMIP5 models 
and observations. Nevertheless, attributing 
climate trends over relatively short periods, 
such as 10 to 15 years, will always be 
problematic, and it is inherently unsatisfying 
to find model–data agreement only with the 
benefit of hindsight. We see no indication, 
however, that transient climate response is 
systematically overestimated in the CMIP5 
climate models as has been speculated8, or 
that decadal variability across the ensemble 
of models is systematically underestimated, 
although at least some individual models 
probably fall short in this respect.
Most importantly, our analysis implies 
that significant warming trends are likely to 
resume, because the dominant long-term 
warming effect of well-mixed greenhouse 
gases continues to rise. Asian pollution levels 
are likely to stabilize and perhaps decrease, 
although lower solar activity may persist and 
volcanic eruptions are unpredictable. ENSO 
will eventually move back into a positive 
phase and the simultaneous coincidence of 
multiple cooling effects will cease. Further 
warming is very likely to be the result. ❐
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Bumpy path to a warmer world
Martin Visbeck
Decadal climate variability has long received limited attention. With the slow-down in surface warming 
since the late 1990s, the decadal scale has rightly become a focus of attention: for assessing climate 
change and its impacts, it is of critical importance.
A changing climate matters most to our generation on timescales from seasons to decades. Decadal climate 
information, in particular, is essential 
for societies in developing to become 
climate-resilient.
The developed world has established 
a wealth of adaptation mechanisms to 
cope with the effects of a changing climate 
on seasonal and interannual timescales. 
Advanced water management systems, 
capital reserves and widespread insurance 
all help to buffer the loss, damage and gains 
from short-term climate fluctuations. By 
contrast, a 10-year drought, or a decade 
of high tropical storm activity, may easily 
exhaust the coping strategies of even 
the most developed economies. In the 
developing world, coping mechanisms 
are less abundant, and the same change 
in the climate often leads to great 
societal hardship.
Beyond the decadal timescale, on the 
other hand, the world is developing long-
term adaptation strategies to cope with 
persistent climate change. These include the 
development of large-scale infrastructure 
such as seawalls and water reservoirs, 
alternative responses such as retreat 
from affected land, and adjustments in 
economic and legislative structures such as 
insurance frameworks.
Climate variability on scales of 10 to 
30 years — too long to sit out, yet too short 
to adapt to fully — is therefore particularly 
important to our generation. Nevertheless, 
the slow-down in warming over the 
past 15 years or so — despite unabated 
emissions of greenhouse gases and global 
climate model projections that suggest 
much steeper warming — has caught parts 
of the scientific community by surprise. We 
should have expected such decadal swings 
if more emphasis had been devoted to 
understanding the decadal scale.
Weak and regional
The most energetic frequency range in 
almost any long-term climate record is the 
annual cycle. In the tropics, the annual 
band is followed by climate variability on 
timescales of 3 to 7 years associated with 
the El Niño/Southern Oscillation (ENSO), 
a large-scale climate see-saw that is rooted 
Figure 1 | Ocean observations. Martin Visbeck 
deploying an Argo float in the ocean from the 
research vessel MV Maria S. Merian. Argo is an 
international network of more than 3,000 robotic 
floats that measure the temperature and salinity of 
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in the Pacific Ocean and spreads into the 
Indian and Atlantic tropical domains.
By contrast, climate variability at the 
decadal frequency is less pronounced. 
For the global average, the contribution 
of the decadal band is small. Decadal-
scale fluctuations can, however, be more 
prominent at regional scales1, and can 
thus be particularly relevant for impacts 
on society. For many regions, the climate 
pathway towards a globally warmer 
world will be significantly influenced by 
interannual and decadal variability.
The pathway to warming is unlikely 
to be as linear and continuous as often 
depicted. The first generation of ocean–
atmosphere climate models used to 
study global climate had low spatial 
resolution and therefore showed only 
limited interannual or decadal climate 
variability. Since then, models have become 
substantially more sophisticated — but 
to estimate the long-term warming trend, 
individual simulated temperature pathways 
are averaged together. The resulting 
curves of climate warming again look 
smooth and suggest to non-experts an 
unrealistically steady progression towards 
a warmer world. Implicitly, these curves 
have been interpreted such that every year 
will become a little bit warmer as global 
warming proceeds, whereas in fact the 
overall warming trend is superimposed 
on significant ups and downs in regional 
temperature for decades to come.
In 2008, a decadal climate forecast, 
based on a climate model with 
prescribed sea surface temperatures from 
observations, suggested that the 2005 state 
of the ocean surface may imply that the 
North Atlantic region will not warm much 
over the coming decade2. At the time, I was 
convinced that if surface warming was to 
exhibit a decadal pause, climate scientists 
and political leaders would find themselves 
in a challenging situation by 2015.
Following the award of the Nobel Peace 
Prize to the Intergovernmental Panel on 
Climate Change (IPCC) in 2007, a global 
coalition of influential nations had emerged 
that seemed ready to curb greenhouse 
gas emissions to mitigate climate change 
by saving energy and switching primary 
energy systems towards low-carbon 
emission solutions. I feared that a decade of 
little warming, as the forecast (probably for 
the wrong reasons) suggested, might erode 
the political motivation for switching to 
costly low-carbon energy systems.
Only a year after the 2008 forecast, it 
was reported that the global mean surface 
air temperature had not increased much 
over the past decade, and that natural 
decadal climate variability could be the 
cause3. Since then, global mean surface 
temperatures have still not warmed 
much — and the mitigation of climate 
change has lost much of its traction in the 
political and public debate.
Looking forward
Nevertheless, research into the decadal 
timescale is gaining prominence. With the 
success in seasonal forecasting4, research 
into decadal climate information and 
predictability has been advanced and 
advocated internationally5,6. The growing 
level of public and economic interest 
in climate information on seasonal to 
multidecadal timescales has resulted in the 
establishment of a Global Framework for 
Climate Services with a network of Climate 
Service Centers around the world7,8. The 
2013 IPCC report9 includes a whole chapter 
on decadal-scale climate change — but 
concludes that only a few aspects of the 
decadal-scale signal might be predictable, 
and only with limited levels of confidence: 
the unpredictable part of natural variability 
seems to dominate.
My personal motivation in the 
endeavour of studying near-term climate 
change is to increase the scientific 
knowledge base and global literacy 
on decadal climate variability. The 
predictability of decadal climate is only one 
aspect in this quest8. Knowing the spread 
of possible future climate changes over a 
decade is very valuable information for 
climate adaptation measures. The so-called 
global warming slow-down is an interesting 
case. Climate science tells us that analysing 
surface temperature trends alone is not 
a robust way to decide whether global 
warming is still progressing. We know from 
observations and models that all layers of 
the ocean together are taking up more than 
90% of the extra heat energy associated 
with anthropogenic climate change. 
Yet three out of five analyses of upper-
ocean heat content suggest that ocean 
heat uptake, at least in the top 2,000 m 
or so, has not changed significantly over 
the past two decades9. A more complete 
implementation of ocean-observing 
systems would have helped to alleviate the 
remaining uncertainty.
We need to look to the ocean to 
assess the state of global warming and to 
improve our understanding of decadal 
variability. The exact mechanisms of the 
slow-down of the surface air temperature 
are still hotly debated, but the ocean is 
bound to play a crucial role. I personally 
favour the explanation of increased 
warming in the deeper ocean. The decadal 
modulation of the ENSO cycle is another 
distinct possibility.
I suggest that the current surface 
warming slow-down is one bump — 
relatively long, but not exceptional — in 
a variable climate record that we need 
to understand and document at a more 
complete and fundamental level. A 
fully implemented climate-observing 
system, global data sharing and a near-
time assessment of the state of the 
climate systems are needed to support 
climate assessments, research and 
impact management. ❐
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Climate science tells us that 
analysing surface temperature 
trends alone is not a robust 
way to decide whether global 
warming is still progressing.
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